Low-energy adaptive clustering routing protocol is a low-power adaptive hierarchical routing protocol designed for IoT, which has the function of extending network life time. In order to balance the energy consumption of wireless sensor network nodes and extend the life cycle of the whole network, the cluster heads are randomly selected in the classical clustering LEACH algorithm of the wireless sensor network of the Internet of Things, and the residual energy, node position and node density of the nodes are not considered. The problem is solved by the research of LEACH protocol, the selection of cluster head and the communication mechanism between cluster head and Sink. An improved clustering routing algorithm of LEACH protocol is proposed. The simulation experiment proves that the improved LEACH algorithm has more energy consumption than the comparison algorithm, the lowest power consumption of the cluster head node, and better network connectivity and reliability.
I. INTRODUCTION
The 21st century is an era in which human beings fully enter the electronic information. With the continuous expansion of the exploration field and space, people are no longer satisfied that each sensor can independently sense the environment, but hope to achieve cooperation through a large number of sensors. More extensive and detailed monitoring tasks, while transmitting monitoring results to users over the wireless network, allowing users to complete more complex calculations, analysis and processing [1] , [2] . Under such demand, IoT emerged as the times require, and have become a research hotspot in the information field [3] . Sensor nodes in IoT are powered by energy-constrained batteries and are typically assigned to perform tasks in harsh or hazardous areas, making it difficult to replace batteries or provide energy replenishment. If the energy consumption of the nodes in the network is exhausted, it will seriously affect the normal operation of the network system, change the network The associate editor coordinating the review of this manuscript and approving it for publication was Wei Wei . topology, and even cause network communication interruption. How to maximize the limited energy of network nodes and extend the life cycle of the network has become a hot issue in IoT. At present, most researches on wireless sensor network layer routing protocols focus on energy efficiency utilization, establish energy efficient paths, and form a reliable data forwarding mechanism. Equalizing network energy consumption becomes the primary goal of routing protocol design [4] , [5] .
Routing technology is a hotspot in wireless sensor network research and one of the core technologies. Since nodes are mostly powered by batteries with limited energy, how to maximize energy consumption to extend the network life cycle has become the focus of research. Clustering routing protocols have become a hot research direction because the actual application effect is better than the planar routing protocol. Among them, LEACH [6] is the most typical clustering routing protocol. However, the LEACH protocol has shortcomings such as random selection of cluster heads, uneven cluster head distribution, and single-hop communication between cluster heads and base stations, excessive energy VOLUME 7, 2019 This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see http://creativecommons.org/licenses/by/4.0/ consumption and easy death. Many improved routing algorithms have been proposed for these problems. According to the analysis in [7] , in the case of single hop, the farther the node is from the base station, the greater the communication energy consumption, the easier it is to die [8] ; in the case of multi-hop, the closer the base station is, the greater the energy consumption. The easier it is to fail [9] . To this end, the EECS algorithm [10] makes the size of the cluster farther from the base station larger, and the size of the cluster closer to the base station is smaller, thereby balancing the energy consumption of the cluster head. The EEUC algorithm [11] considers the residual energy of the node and the distance from the base station to select the relay node for multi-hop routing on the basis of non-uniform clustering, and simultaneously calculates the competition radius of the non-uniform clustering, and competes with the cluster far away from the base station. The radius is larger, which is similar to the EECS algorithm. The ACOUC algorithm [12] adds a directional-based ant colony optimization algorithm to optimize multi-hop paths based on non-uniform clustering. In the first round, all nodes participate in the election of cluster heads and replace them in subsequent rounds to save energy. The CEB-UC algorithm [13] divides the network into different areas, so that the number of clusters in the partition close to the base station is large, and the number of nodes in the cluster is small, thereby balancing the network overhead. In addition, researchers use existing optimization algorithms to incorporate routing algorithms, such as genetic algorithms [14] , Bayesian games [15] , etc., in order to improve network performance. However, in the wireless sensor network, the sensor nodes do not work alone, but cooperate to complete the monitoring tasks of the coverage area, such as measuring environmental information such as wind speed, air quality, luminance and temperature. The node collects information according to the task requirements, and then sends the information to the base station, and the base station transmits the processed information to the client [16] . These nodes generally use dry batteries to provide energy supply, so the energy of the nodes is very limited, and the nodes are not easy to replenish energy after deployment, so the energy supply of the wireless sensor network is limited. Nodes can spontaneously organize network paths to form the optimal paths, which are the cornerstone of wireless sensor network construction topology and the focus of IOT routing protocols. Routing technology is one of the key technologies of IoT, and it is also a key indicator to measure network performance. This technology can solve two problems in the network: (1) network best path; (2) data transmission mode. Therefore, in IoT, the performance of the routing protocol directly affects the communication quality of the network. A routing protocol that conforms to the network scenario is particularly important.
Clustering routing protocol is an important branch of IoT routing protocol. It divides the nodes into two roles of common nodes and cluster head nodes in the cluster to achieve the purpose of dividing the network hierarchy. The task of the common node in the cluster is to collect the data in the deployment area and then pass it to the cluster head, and the cluster head forwards the data to the base station. There is a difference in the data transmission mode between nodes: the ordinary node transmits data to the cluster head after one hop, and the cluster head transmission data arrives at the base station through a single hop or multiple hops. This paper focuses on the clustering routing algorithm of IoT, especially the energy-balanced clustering routing algorithm. Based on the existing energy-balanced clustering routing algorithm, it is based on the LEACH protocol. The clustering routing algorithm of IoT sensing layer based on energy balance is proposed. The simulation results show that the proposed algorithm can effectively balance network energy consumption and increase network life cycle.
The rest of our paper was organized as follows. IoT sensing layer clustering routing algorithm based on energy balance was introduced in Section II. Experimental results and analysis were discussed in detail in Section III. Finally, Section IV concluded the whole paper.
II. IoT SENSING LAYER CLUSTERING ROUTING ALGORITHM BASED ON ENERGY BALANCE
In order to balance the energy consumption of wireless sensor network nodes and extend the life cycle of the whole network, an improved LEACH protocol is proposed by studying the LEACH protocol, optimizing the cluster head selection and the communication mechanism between the cluster head and Sink cluster routing algorithm.
A. IoT PERCEPTION LAYER CLUSTERING ROUTING ALGORITHM
Clustering routing algorithm is an important branch of wireless sensor network routing algorithm. It can achieve the purpose of dividing network level by classifying sensor nodes into different categories. The classical clustering routing algorithm LEACH [17] was proposed by W.B. Heinzelman et al. The clustering routing algorithm can effectively reduce the number of data transmissions in the network, and the application of the data fusion technology makes the data that is unnecessary to be transmitted less, effectively utilizes the energy of the node and prolongs the network lifetime. Therefore, most of the existing clustering research is based on the LEACH algorithm.
The LEACH-C algorithm proposed in [18] is based on the improved LEACH algorithm. The algorithm adds a control mechanism in the cluster head election, so that the nodes of the elected cluster head not only rely on the probability function, but also ensure that the cluster heads are more reasonably dispersed throughout the network.
However, the LEACH protocol has shortcomings such as random selection of cluster heads, uneven cluster head distribution, and single-hop communication between cluster heads and base stations, excessive energy consumption and easy death. Many improved routing algorithms have been proposed for these problems. Srisooksai et al. [19] pointed out that in the case of single-hop, the farther the node is from the base station, the greater the communication energy consumption, the easier it is to die [20] ; in the case of multi-hop, the closer the base station is, the more energy it consumes. Large, the more likely it is to fail. To this end, the algorithm proposed by Wang et al. [21] makes the size of the cluster farther from the base station larger, and the size of the cluster closer to the base station is smaller, thereby balancing the energy consumption of the cluster head. The algorithm proposed by Zhang and Chen [22] considers the residual energy of the node and the distance from the base station to select the relay node for multi-hop routing on the basis of non-uniform clustering, and calculates the competition radius of the non-uniform clustering. The cluster has a large competition radius. The algorithm proposed by Guleria and Verma [23] adds a directional-based ant colony optimization algorithm to optimize multi-hop paths based on non-uniform clustering. In the first round, all nodes participate in the election of cluster heads and replace them in subsequent rounds to save energy consumption.
Reference [24] proposed a Hybrid Energy-efficient Clustering Approach (HEED), which takes into account the energy consumption within the cluster and the residual energy of the nodes, and uses the average minimum reachable power AMRP to measure the election of common nodes the cost of the cluster head. In [25] , an energy-efficient EEUC (Energy-Efficient Uneven Clustering) algorithm is proposed. The algorithm adopts the idea of non-uniform clustering. The node first selects the candidate cluster head through the threshold value, and then calculates its own competition radius through the candidate cluster head. This radius is related to the distance between the node and the base station, and the candidate cluster in the same competition area. The first depends on how much energy wins. In [26] , a distributed energy-balanced clustering algorithm DEBUC (Distributed Energy-Balanced Unequal Clustering) is proposed. The algorithm uses the broadcast timing mechanism in the first stage of the campaign cluster. The length of time is determined by the energy left by the campaigner and the energy of its neighbors. The algorithm controls the candidate's election radius and forms an uneven clustering method. In the selection phase, the greedy algorithm is used to comprehensively consider the energy of the node, the communication cost inside and outside the cluster, and other factors to select the relay node. In [27] , an improved non-uniform clustering algorithm is proposed, which uses two factors of the residual energy of the node and the distance from the base station when electing the cluster head, and also considers the neighbor number and node of the node judging conditions such as mutual position. When transmitting, the cluster head generates a route according to the smallest spanning tree, which equalizes the energy consumption of the network to a certain extent, but the time complexity of the algorithm is relatively high. Reference [28] proposes an energy efficient clustering and inter-cluster routing algorithm (CRBED). In the cluster head election, the algorithm focuses on the energy of the node and the distance of the base station. In the transmission phase, the energy of the node, the number of nodes in the cluster and the distance of the base station are taken as the object of interest to select the next hop node.
Through the analysis of the above literature, it can be found that some of the literature cluster elections only consider energy factors, resulting in uneven distribution of cluster heads. At the same time, the existing non-uniform algorithms mostly adopt the fixed cluster radius strategy, which affects the energy balance of the network. Therefore, it is considered to improve the network energy utilization from the cluster head election and the cluster radius adjustment.
The clustering routing algorithm uses a clustering method to hierarchically divide nodes, and divides the entire network into multiple cluster structures, as shown in Figure 1 . Each cluster contains one cluster head node and several cluster member nodes. The cluster member node is responsible for sensing the data of the collected neighboring area and transmitting the data to the cluster head node. The cluster head node is responsible for receiving data of the member nodes, and performing fusion processing to forward the data to the base station.
The workflow of the clustering routing algorithm mainly includes two phases: a cluster establishment phase and a stable transmission phase. The generation of cluster heads is the basis of cluster formation. The number and location distribution of cluster head nodes determine the size and number of clusters that will eventually form, and also affect the energy consumption of the network. Usually, the clustering algorithm adopts a periodic rotation method to select cluster head nodes according to factors such as node energy, location, and intra-cluster communication cost. After the cluster head generates broadcast information to other nodes, the member nodes are selected according to certain principles such as the principle based on the shortest distance, the minimum energy consumption in the cluster, or the load balancing of the cluster head node. In the data transmission phase, the cluster member node communicates with the cluster head node, and after the cluster head node performs data fusion processing in the cluster, the data can be directly sent to the base station, or other cluster head nodes can be selected as the relay node to forward data to the base station.
There are many clustering schemes in the clustering routing algorithm. For example, the clustering method may be distributed or centralized, the size of the cluster may be uniform or non-uniform and the structure of the cluster may be single-layer or multilayer. Inter-cluster communication can be single-hop or multi-hop. Regardless of which clustering scheme is adopted, the focus of everyone's concern is how to effectively utilize the energy of the network nodes and balance the energy consumption of the network to achieve the purpose of extending the network life cycle.
B. LOW POWER ADAPTIVE CLUSTERING LAYERED PROTOCOL
The low-power adaptive clustering layered protocol (LEACH) flow chart is shown in Figure 2 . Many researchers have done a lot of work on the improvement of the Low Power Adaptive Clustering Layered Protocol (LEACH) algorithm. Although the LEACH algorithm saves node energy and improves network efficiency in some aspects, it lacks centralized management of the entire network, and cannot reasonably select the number of cluster heads and balance network energy consumption.
LEACH defines the concept of ''round'' [29] , and each round is divided into a clustering phase and a stabilization phase. The sum of the durations of the clustering phase and the stabilization phase is called a round. In the clustering phase, each node of the wireless sensor network generates a random number between 0 and 1, if the random number is less than the threshold T(n) set by the ''round'' and the node is in the first 1/p (p is the proportion at which the node becomes the cluster head.) If the cluster does not have the cluster head, then the node becomes the cluster head.
The formula for calculating the threshold T (n) is as follows [30] :
where p is the desired percentage of the cluster head; r is the current number of rounds; G is the set of nodes that have not yet become cluster heads in the last 1 /p round. When the node becomes the cluster head, it broadcasts the message to the sensor node of the whole network as the cluster head. After receiving the cluster head message, the other nodes select the cluster to be added according to the signal strength, and notify the corresponding cluster head. The cluster head allocates TDMA time slots to the sensor nodes that are added to the cluster in which they are located, and the clustering phase is completed.
In the stabilization phase, the member nodes in the cluster transmit data to the cluster head node according to the TDMA time slot allocated in advance by the cluster head. The cluster head node fuses the received data and then transmits the data to the sink in a single hop manner.
C. MATHEMATICAL MODEL OF ENERGY CONSUMPTION
In wireless sensor network applications, most of the sensor nodes consume energy in the wireless communication module. In the process of wireless communication, the energy consumption of networking, sending data and receiving data consume the most energy. Firstly, the mathematical model of network energy consumption should be established. Reference [31] gives the sensor node working energy model. The figure shows the energy consumption model for transmitting a k-bit packet transceiver. E elec in the figure indicates the energy consumption per bit of transmission and reception of the transmitting and receiving circuits in wireless communication, and E amp indicates the amount of energy required for the amplified portion of the transmitting circuit to be square meters per bit unit. The energy consumption formula required to send data is
The energy consumption formula required for the node to receive this information:
The network energy consumption of the network is used as the evaluation index of the total energy consumption of the network, and the network networking energy consumption determines the life cycle of the network. Network networking energy consumption formula:
In the formula, n is the current polling surviving node number, Er is the energy consumed by the current polling, and E r is the sum of the energy consumed by sending the data packet and receiving the data packet during each networking process. n * is the total number of sensors in the network, and n * /n is the survival rate of the network nodes.
In order to reduce the overall network energy consumption, we find the K cluster heads to make the square of the distance from all nodes in the IoT cluster to the corresponding cluster head plus the square of the distance from all cluster heads to the base station. The objective function is:
where m is the number of cluster heads, n j is the number of nodes in the j-th cluster head, d ij is the distance from the j-th cluster head to the ith node, and b j is the distance from the j-th cluster head to the base station.
D. IMPROVEMENT OF LEACH ALGORITHM
It is assumed that N sensor nodes are evenly distributed in the square area of M * M. The application scenario is periodic data acquisition and has the following properties:
(1) The sink node is outside the square area and the position does not move. The sensor node does not move after deployment.
(2) All nodes have the same initial energy and energy cannot be replenished. Nodes can calculate their own residual energy through calculation, and nodes have data aggregation capabilities.
(3) The sensor node can calculate its own distance to the sink node according to the strength of the received sink node signal.
(4) The sensor node can adjust the transmit power according to the distance of the receiver to save energy.
It is improved for the problems of the LEACH algorithm.
(1) Improvement of cluster head selection Because the traditional LEACH algorithm only considers whether the node has served as the cluster head in the current round, but does not consider its residual energy. Therefore, when the initial energy is E 0 , the current residual energy is E node , and the random number generated by the node is µ 0 , then adjust the random number as follows:
Thus, the smaller the random number generated by the node with more residual energy, the smaller it is, the more likely it is to be smaller than the threshold T (n) of the current round, and the more likely it is to become the cluster head.
(2) Improvement of inter-cluster routing The cluster head is responsible for collecting the data sent by the member nodes in the cluster, and the data is merged and transmitted to the sink. The traditional LEACH algorithm adopts a single-hop method, that is, all cluster heads directly communicate with the Sink node, so that the cluster head farther from the sink consumes more energy, resulting in uneven energy consumption of the sensor network node [32] . Therefore, the single-hop and multi-hop hybrid is used to transmit the cluster head data to the Sink. Suppose P i and P j are two cluster heads, if:
(1) The distance from P i to Sink is greater than the distance from P j to Sink;
(2) The distance from P i to P j is less than the distance from P i to Sink;
(3) The residual energy of P j is greater than or equal to two-thirds of the remaining energy of P i .
If the cluster heads P i and P j satisfy the above three conditions, the P j cluster head becomes the next hop intermediate node of the P i cluster head. Improved algorithm flow chart shown in Figure 3 .
The schematic diagram of the wireless sensor network routing is shown in Figure 4 . The nodes in the cluster directly transmit the collected data to the cluster head. When the cluster head transmits data to the sink node, the distance between the cluster node and the sink node and the remaining energy of the adjacent cluster head node and the sink node are considered and other conditions. The schematic diagram of Figure 4 shows that the three cluster heads A, B, and C are far from the convergence node, so the cluster head adjacent to the above improved condition is searched for as the next hop node.
III. EXPERIMENTAL DESIGN AND RESULT ANALYSIS A. ROUTING RELIABILITY ALGORITHM EVALUATION INDEX
There are many evaluation indexes of wireless sensor network routing algorithms. This paper mainly evaluates the algorithm from the following five aspects: network energy balance analysis, load balance analysis, total energy consumption, network node survival and network reliability.
1) LOAD BALANCING ANALYSIS
The Load Balancing Factor (LBF) is an important indicator of network performance and a direct basis for measuring the balance of network load. The calculation of the load balancing factor is closely related to the node degree. The node degree refers to the number of neighbor nodes where the node is located, and the node degree reflects the network connectivity state. The calculation formula is:
(n j − u) (7) where N is the number of nodes; n j is the number of nodes in the j-th cluster head member; u is the average number of nodes in all cluster head nodes.
2) NETWORK RELIABILITY
Wireless sensor network reliability refers to the probability that there is a path between a given sending node and a target node, that is, the probability that two nodes can communicate with each other. To be able to communicate properly between them, it is necessary to ensure that the nodes are in a valid state between the two nodes. Within a given operating condition, within a given time period (t1, t2), the reliability of the sensing network is defined as the probability that the object will perform better than the minimum performance requirement for that state throughout the time period:
where f (t) represents the reliability at time t, and f w represents the worst-case functional value allowed by state w and greater than f w considers the network to be reliable.
B. ALGORITHM SIMULATION COMPARISON AND PERFORMANCE EVALUATION
The simulation environment of the improved low energy adaptive clustering routing protocol algorithm is set like this.
Uniformly deploy 200 sensing nodes in a 100m × 100m square monitoring area. The quantum artificial bee colony algorithm is an optimization algorithm used in the algorithm, which can help the algorithm avoid falling into local optimum, greatly increase its global search ability, and improve the speed of searching and the convergence speed of the algorithm. Quantum artificial bee colony parameter setting: population size is 80, cycle number C = 2000, e1 = 0. 06, e2 = 0. 04, e3 = 0. 03, e4 = 0. 05, e5 = 0. 02, c1 = c2 = 0. 1. C represents the number of cycles of the optimization algorithm. And e1 to e5 are the quantum influence factors of the quantum artificial bee colony optimization algorithm. And c1 and c2 represent a constant. The leading bee and the following bee are each 50, the cycle parameter is 20, and the initial weight of the bee colony is r min = 0.5, r max = 1.5, r initial value is set to 1, threshold ε = 10 −6 . The experimental parameters are shown in Table 1 .
In this paper, we mainly carry out simulation experiments from the following aspects: network load balance analysis, total network energy consumption, cluster head node energy consumption, node survival number and network reliability. It is compared with the LEACH clustering algorithm, the ant colony algorithm and the proposed algorithm.
1) LOAD BALANCING ANALYSIS
Network load balancing is the most important indicator for routing clustering in IoT, which determines network performance and network lifetime. It is an important basis for evaluating the superiority of proposed algorithms. The LEACH routing clustering algorithm, ACO routing clustering algorithm and the network load balancing simulation results of the proposed algorithm are shown in Figure 5 .
It can be seen from Figure 5 that the network load balancing factor L LBF gradually decreases with the increase of the average node degree of the network, and both of them have a nonlinear relationship. The LEACH algorithm has the largest drop, which indicates that it is worse than the load balancing performance of the other two algorithms. Correspondingly, the network life is also short, which can be verified from the total energy consumption experiment of the network. The ACO algorithm has better load balancing performance than the LEACH algorithm. The proposed algorithm is better than the ACO algorithm and has a better load balancing.
2) TOTAL ENERGY CONSUMPTION OF THE NETWORK
The total energy consumption of IoT is the most important indicator reflecting network lifetime and network performance. Figure 6 shows the comparison of the total energy consumption of the network proposed by the algorithm and the other two algorithms.
It can be seen from Figure 6 that with the simulation, the total energy consumption of the three algorithms is increasing, but the LEACH routing clustering algorithm has the largest increase, and the polling frequency is about 700. The network energy is exhausted, and the work ends. ACO algorithm in 800 polling times, the network energy consumption is exhausted. The algorithm proposed in this paper is around 900. The network life expectancy LEACH algorithm of the three algorithms is the shortest, and the ACO algorithm network lifetime is short. The proposed algorithm has a long network lifetime.
3) CLUSTER HEAD NODE ENERGY CONSUMPTION
Network energy consumption of cluster head nodes is an important indicator for evaluating network performance. Figure 7 shows the energy consumption comparison of cluster head nodes for the three algorithms.
From Figure 7 , we can see that the cluster head node of LEACH algorithm consumes the most energy, and the cluster head node of ACO routing clustering algorithm consumes less energy. The improved low energy adaptive clustering routing protocol algorithm proposed in this paper has the lowest energy consumption. In addition, through calculation, the energy consumption of the cluster head node of the LEACH algorithm is on average. 32J, the ACO algorithm averages 0. 21J, the algorithm proposed in this paper average 0.1J, and the energy consumption is relatively balanced, unlike the other two algorithms. Compared with LEACH routing clustering algorithm, ACO routing clustering algorithm is reduced by 62.5% and 34.4%.
4) NUMBER OF NODES SURVIVING
The number of network surviving nodes is defined as follows: starting from the networking, all nodes work until the energy consumption is exhausted, and the network life is over. The network life cycle is defined as the ''death'' of energy consumption from the beginning of the network operation to the entire network of the entire cycle. Figure 8 shows the comparison of the number of network nodes surviving in the network life cycle of the three algorithms.
As can be seen from Figure 8 , at the beginning of the simulation, since the network node has sufficient energy and the survival has been working normally, but the LEACH routing clustering algorithm is 400 times, the number of network nodes starts to decrease gradually, and the network nodes of the ACO algorithm survive. The number is gradually reduced in 430 times, and the ABC algorithm is 510 times. The number of surviving algorithms in this paper is gradually reduced at 550 nodes. At the same time, in the latter decline range, the number of surviving nodes in the LEACH routing clustering algorithm is the largest, and the algorithm proposed in this paper has the smallest and the slowest.
5) NETWORK RELIABILITY
The application environment of the Internet of Things perception layer is very bad. When the energy consumption of the network node is very fast and the interference of the external environment occurs, the entire network is faulty or even collapsed. Network reliability is very important for assessing network performance and is fundamental to network performance. The reliability of the wireless sensor network with the three algorithms varies with the number of network polling times as shown in Figure 9 .
As can be seen from Figure 9 , the network reliability of different algorithms varies with the number of polling times. The reliability of the LEACH algorithm is reduced by about 350. The ACO algorithm is 400 times and the ABC algorithm is 470 times. The network reliability of the algorithm is gradually reduced after 500 polling times. In addition, the descending magnitude is the largest in the LEACH algorithm, the ACO algorithm is larger, and the ABC algorithm is more gradual. The proposed algorithm has the smallest drop rate and the most reliable network. it is good.
It can be seen from the simulation results that the proposed sensor network has efficient routing performance and good reliability, but network simulation takes a long time. In order to compare the simulation time of the three algorithms, the average time of the network simulation experiment is calculated by repeating 100 simulation experiments. The average time of simulation consumption of the three algorithms is shown in Table 2 .
As can be seen from Table 2 , although the simulation takes longer and is acceptable, it takes less time and is much shorter than the LEACH algorithm. From the above five network performance simulation experiments, the proposed algorithm can balance network energy consumption, equalize cluster size, reduce network energy consumption of cluster head nodes, improve network connectivity and reliability, and extend network lifetime. It has a certain promotion effect on the optimized routing algorithm of the Internet of Things perception layer.
The improved LEACH algorithm extends the life cycle of the network. The number of rounds of the first node death and half node death is selected to measure the performance of the network, because when more than half of the nodes in the network die, the performance of the network has already occurred change. The simulation results are shown in Table 3 . It can be seen from the simulation data that the life cycle of the network is improved. In order to eliminate the influence of randomness on the simulation results to some extent, this paper carried out 20 simulation experiments and took the average value of the results. The specific data is shown in Table 2 . The data in Table 4 also shows the number of rounds when each protocol dies at 10% of the nodes, because the data returned by the network to the sink node is relatively reliable before 10% of the nodes die, and when most of the nodes are When you die, the network will have a monitoring vulnerability, which greatly reduces the actual meaning of the data.
Comparing the number of nodes in each round of each protocol, it is found that LEACH, ACO and the first node of the protocol in this paper die t time, that is, the stability period is 941 rounds, 1381 rounds, 1792 rounds, and the stability of the agreement in this paper. The cycle was 88.13% and 28.99% higher than LEACH and ACO respectively. This means that the improved protocol in this paper is more obvious under the network than other protocols, and can greatly improve the network stability cycle.
IV. CONCLUSION
IoT have the advantages of easy deployment and convenient data collection, which make them applicable in many fields of social life. With the development of the Internet of Things, more scholars will study it. However, because the sensor nodes are limited by energy resources, the life of the network is limited. Therefore, how to reduce the energy consumption of the nodes and increase the life of the network is the main problem at present. Because the excellent routing algorithm can effectively reduce the energy consumption, the clustering routing algorithm is an important technology in the wireless sensor network routing algorithm. By role division, node energy consumption can be saved and energy consumption between nodes can be balanced.
The LEACH protocol uses a single-hop communication method between the most advanced cluster head and the base station, which consumes more energy. In order to balance the energy consumption of wireless sensor network nodes, to extend the life cycle of the entire network, based on the study of LEACH algorithm, this paper first things randomly selected cluster-aware layer IoT LEACH classic clustering algorithm, the node is not considered for the problems of residual energy, node location and node density, a new algorithm for cluster head selection and cluster head and sink communication is proposed. The algorithm proposed in this paper considers the residual energy of the node and the distance between the cluster head and the sink, which reduces the possibility that the node energy is still selected as the cluster head and the cluster head is consumed by the singlehop transmission data due to the distance from the sink. The possibility of too much energy. Through simulation experiments, we can see that the proposed algorithm achieves better results, more balanced network energy consumption, lowest energy consumption of cluster head nodes, better network connectivity and reliability, which proves that the algorithm can effectively extend the life of the network. Cycles reduce network average energy consumption and improve network performance. 
